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In this paper a method of using the “quick, easy, cheap, effective, rugged, and safe”
(QuEChERS) extraction and gas chromatography coupled to mass spectrometry detection
(GCeMS) was developed for the analysis of five frequently applied pesticides in papaya
and avocado. The selected pesticides, ametryn, atrazine, carbaryl, carbofuran, and
methyl parathion, represent the most commonly used classes (carbamates, organo-
phosphorous, and triazines). Optimum separation achieved the analysis of all pesticides
in < 6.5 minutes. Validation using papaya and avocado samples established the proposed
method as linear, accurate, and precise. In this sense, the correlation coefficients were >
0.99. The limits of detection (LOD) and quantification (LOQ) in papaya ranged from
0.03 mg/kg to 0.35 mg/kg and from 0.06 mg/kg to 0.75 mg/kg, respectively. Meanwhile for
avocado, LOD values varied from 0.14 mg/kg to 0.28 mg/kg and LOQ values ranged from
0.22 mg/kg to 0.40 mg/kg. Recoveries obtained for each pesticide in both matrices ranged
between 60.6% and 104.3%. The expanded uncertainty of the method was < 26% for all
the pesticides in both fruits. Finally, the method was applied to other fruits.
Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Pesticides are extensively used to control pests that cause
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can lead to the bioaccumulation of pesticide residues in them.
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of acetyl cholinesterase activity, hepatic, and renal toxicity
[1,2]; pesticide monitoring is important to ensure a minimal
exposure to them.
Gas chromatography (GC), coupled with different de-
tectors, is a very useful technique employed for the analysis of
volatile pesticides such as organochlorides, organophos-
phates, and carbamates. Mass spectrometry detector (MS) is
the most useful for pesticide residue determination in food
matrices when an appropriate sample preparation and
cleanup procedures are applied [3].
In this sense, GC coupled to mass spectrometry detection
(GCeMS) has been successfully used for the analysis of pesti-
cides in different fruits and vegetables including rice, orange,
apple, and spinach [4]; grape [5]; pomegranate, grape, okra,
tomato, and onion [6]; banana [7]; orange [8]; rice [9]; apple and
tomato [10]; cantaloupe melon, broccoli, sweet potato, and
lemon [11]; appleeblueberry sauce, pea, and lime [12]; mango
[13]; mango and papaya [14]; turnip, green cabbage, French
bean, eggplant, apple, nectarine, and grape [15]; berry fruits
[16]; Brazilianmelon [17]; apple, orange, carrot, and tomato [18].
Due to the complexity of fruit and vegetable matrices,
different extraction procedures have been used for GC anal-
ysis of pesticide residues. Established 3500 and 3600 series
Environmental Protection Agency methods are widely used
for this task [19,20]. However, the current trend in pesticide
analysis is to develop more efficient and environmentally
friendly methods. These methods involve sample preparation
techniques such as microwave assisted extraction (MAE),
matrix solid-phase dispersion (MSPD), solideliquid extraction
(SLE) [5], dispersive solid phase extraction (DSPE) [6], solid-
phase microextraction (SPME) [10,13,15,21], solid phase
extraction (SPE) [16], and “quick, easy, cheap, effective, rugged,
and safe” (QuEChERS) method [5e9,11,17,18].
QuEChERS is a procedure which has shown good perfor-
mance on the difficult task of the extraction of pesticides from
foodmatrices. This sample treatment has been applied for the
extraction of a wide range of pesticides with diverse chemical
properties in several types of fruits and vegetables, which
have different compounds such as sugar, pigments, and high
water content [5,9,22]. Owing to the widespread use of this
procedure, different versions of QuEChERS method have been
developed; among these are the Association Official Analytical
Chemists (AOAC; acetate buffering) version and the CEN (cit-
rate-buffering) version. The acetate buffering version had
showed higher recoveries for the pH-dependent pesticides,
therefore it is more frequently used [12].
Nowadays validation is considered an essential part of the
method evaluation; it has the aim of determining if an
analytical method is suitable and reliable for its purpose. By
using the data produced from method validation the method
uncertainty can be estimated. Uncertainty is an important
parameter for method evaluation defined as “a parameter
associated with the result of a measurement that character-
izes the dispersion of the values that could reasonably be
attributed to the measurand” [23,24].
The uncertainty may originate from many possible sour-
ces, which are related to the different stages of the analytical
method. Potential uncertainty sources are sampling, matrix
effects, uncertainties of masses and volumetric equipment,Please cite this article in press as: Pano-Farias NS, et al., Validation
matography coupled to mass spectrometry method for pesticides in
(2016), http://dx.doi.org/10.1016/j.jfda.2016.09.005reference values, approximations and assumptions incorpo-
rated in the measurement method and procedure, and
random variation [23,25].
Each uncertainty source should be treated independently
to obtain its contribution to the overall uncertainty of an
analytical method. In this sense, the contributions of all the
uncertainty sources are considered to estimate the combined
uncertainty of the method. From the combined uncertainty,
an expanded uncertainty is determined. This last term rep-
resents an interval within which an analytical result is
believed to lie with a high level of confidence [17,23].
In this paper a method using QuEChERS extraction and
GCeMS was developed for the analysis of five frequently
applied pesticides in papaya and avocado. The studied pesti-
cideswere representative of three of themost commonly used
classes, which are: triazines (ametryn and atrazine), carba-
mates (carbaryl and carbofuran), and organophosphorous
(methyl parathion). The proposed method was validated ac-
cording to European guidelines. In addition, the expanded
uncertainty was evaluated taking into account the different
sources of uncertainty that affect the process.2. Methods
2.1. Materials and reagents
Standards of the pesticides carbofuran (CF), carbaryl (CAR),
atrazine (ATZ), ametryn (AME), and methyl parathion (MeP),
all with purity > 98%, acetic acid, acetonitrile, and methanol,
all HPLC grade, were obtained from Sigma-Aldrich (St. Louis,
MO, USA). Helium (99.999% purity) was supplied by Praxair
(Colima, Mexico). A methanol stock solution of each pesticide
at 50 mg/L was weekly prepared. Methanolic working solu-
tions were prepared daily by mixing pesticide stock solutions.
These solutions were stored in the dark at 4C. Working so-
lutions were used for GCeMS method optimization and
spiking fruit matrices used for method validation. Other
chemicals used in this work were analytical reagent grade.
DisQuE Dispersive Sample Preparation kit containing
extraction and clean-up tubes fromWaters (Milford, MA, USA)
and nylon filters (0.45 mm pore size) from Phenomenex (Tor-
rance, CA, USA) were used for sample preparation.2.2. Instruments
A Varian 3900 GC coupled to a Saturn-2100T mass spectrom-
etry detector and equippedwith a CombiPAL autosampler and
MS Workstation version 6.9 software from Varian (Palo Alto,
CA, USA) were used for chromatographic analysis. The
analytical column Zebron ZB-5MS Crossbond (5% phenyle95%
dimethyl-polysiloxane; 30 m, 0.25 mm internal diameter,
0.25 mmfilm thickness) from Phenomenex (Torrance, CA, USA)
was used in this study.
An NB-101B food processor (Homeland Houseware, Los
Angeles, CA, USA), an analytical balancemodel CX220 (Citizen
Scale, Metuchen, NJ, USA), a Vortex-Genie 2 mixer (Scientific
Industries, Bohemia, NY, USA), a Sorvall Biofuge Primo R
centrifuge (Thermo Electron Corp., Schwerte, Germany), and aand assessment of matrix effect and uncertainty of a gas chro-
papaya and avocado samples, Journal of Food and Drug Analysis
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used for the pesticide extraction procedure.
2.3. GCeMS analysis
The initial oven temperature was set at 140ºC, increased to
240ºC at a rate of 15ºC/min, increased again at a rate of 40ºC/
min to 280ºC, this temperature was maintained for 3 minutes.
The total run time was 6.5 minutes. One mL of sample was
injected in split mode (2:1). The injector temperature was set
at 240ºC. The helium carrier gas flow was 1.1 mL/min.
The mass spectrometer was operated in electron impact
ionization mode at 70 eV of collision energy with 2 minute
solvent delay to prevent damage to the filament of the ion
source. The temperature of the ion source, manifold, and
transfer line was set at 240C, 50C, and 260C, respectively.
For qualitative analysis a full scan from 75 mass/charge (m/z)
to 280 mass/charge (m/z) was applied. For quantitative pesti-
cide analysis selected ion monitoring (SIM) mode was used.
Table 1 shows the molecular weight and ions used for quan-
titative analysis.
2.4. Sample preparation
Papaya and avocado fruits were selected as samples for this
study. These fruits were chosen due to their economic
importance, matrix complexity, and for having different
compositions. With regard to these fruits composition,
papaya is characterized by 88% water content, moderate car-
bohydrates content (10%), and low lipids content (0.3%);
meanwhile, avocado is characterized by 72% water content,
moderate carbohydrates content (8%), and high lipids content
(15%) [26]. After washing, peeling, and homogenizing the
fruits, a portion of 0.6 kg was stored at 20C in a dark glass
flask for further treatment.
The fruits samples were treated according to the QuECh-
ERS methodology (AOAC Official Method 2007.01) [12]. The
homogenized sample was thawed, and then 15 g was weighed
in a 50-mL conic tube. Afterward, the extraction solvent
(15 mL of acetonitrile with 1% acetic acid) was added to the
sample and stirred for 5 minutes using a vortex mixer. Next,
the sample was poured into the extraction tube and imme-
diately vortexed for 1 minute and centrifuged at 2700 g
for 5 minutes. Subsequently, 1 mL of the extract was placed
into the clean-up tube, vortex mixed, and centrifuged for
1 minute at 10700 g. Lastly, the supernatant was filtered andTable 1 e Selected ions for pesticides detection and
retention times.
Pesticide MW a Ions monitoring
(m/z)
Retention
time (min)
CF 221.3 164, 149 2.57, 5.18
CAR 201.2 144, 115 3.88
ATZ 215.7 200, 215 5.29
MeP 263.2 263, 109 6.25
AME 227.3 227, 212 6.34
AME ¼ ametryn; ATZ ¼ atrazine; CAR ¼ carbaryl; CF ¼ carbofuran;
MeP ¼ methyl parathion; MW ¼molecular weight.
a Molecular weight.
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the GCeMS system.
For calibration curves, samples were fortificated with all
pesticides at 1.0 mg/kg, 1.5 mg/kg, 2.0 mg/kg, 4.0 mg/kg,
6.0 mg/kg, and 8.0 mg/kg. The fortificated fruit samples were
allowed to equilibrate for 120minutes before treatment. Blank
samples were also prepared according this procedure.2.5. Method validation and matrix effect
The proposed method was validated following the European
guidelines [27,28]. The parameters assessed were selectivity,
linearity, limits of detection, and quantification, precision,
and recovery.
Matrix effect was estimated by comparing the slopes of
standard curves dissolved in extraction solvent and matrix-
matched calibration curves. The matrix effect was calcu-
lated as: 100  [1 e (solvent slope)/(matrix slope)] [24].2.6. Uncertainty assessment
Themeasurement uncertaintywas estimated according to the
procedures recommended by EURACHEM/CITAC and Quanti-
fying Uncertainty in Analytical Measurement [23]. The
expanded uncertainty (Ue) at a 95% of confidence level was
obtained using the medium level concentration of the linear
range (4 mg/kg) and Eq. (1).
Ue ¼ 2(Uc) (1)
where Uc is the combined uncertainty.
To estimate the Uc of the method six main uncertainty
sources (ui) were identified, as shown in Eq. (2). These sources
are associated with: standard solution preparation (u1), cali-
bration curve preparation (u2), sample preparation treatment
(u3), precision (u4), accuracy/bias (u5), and the linear least
square fitting (u6).
Uc ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
u21 þ u22 þ u23 þ u24 þ u25 þ u26
q
(2)
where ui is a source standard uncertainty.
The standard uncertainty of each source takes into account
the contribution of factors associated with it. In this case, the
following equation is used.
uiðp; q; r; …Þ ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
uðpÞ2 þ uðqÞ2 þ uðrÞ2…
q
(3)
where p, q, and r are the different factors contributing to the
standard uncertainty of each source.
The assessment of each uncertainty source identified is
presented in the following paragraphs.
For the evaluation of u1 three uncertainty factors were
considered: (1) purity of standards; (2) weighing of standards;
and (3) flask volume measurement. For standard purity u(P),
the standard deviation (SD) equals 0.02 and a rectangular
distribution (d ¼ 3) was considered (Eq. 4). With regards to the
weighing of standards u(W) was considered 0.1 mg because
this value corresponds to the SD provided by the manufac-
turer. In case of flask volume measurement, two factors were
considered: flask calibration and temperature. The standardand assessment of matrix effect and uncertainty of a gas chro-
papaya and avocado samples, Journal of Food and Drug Analysis
Figure 1 e Total ion chromatogram of standard solution
mixture of pesticides. AME ¼ ametryn; ATZ ¼ atrazine;
CAR ¼ carbaryl; CF¼ carbofuran; MeP ¼methyl parathion.
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considering the SD ¼ 0.02 mL and a triangular distribution
(d ¼ 6) in Eq. (4). Due to the flask having been calibrated at a
temperature different to the working one, the uncertainty
from temperature, u(T), was calculated using Eq. (5).
uðP or CalÞ ¼ SDﬃﬃﬃ
d
p (4)
where SD is the standard deviation specified by the manu-
facturer and d is the type of distribution.
uðTÞ ¼ V*ðDTÞ* a (5)
where V (10 mL) is the flask volume, DT (5C) is the difference
between the working and calibration temperature, and a
(0.0015C1) is the volume expansion coefficient of the MeOH.
For the evaluation of u2, the volume measurement uncer-
tainty of: micropipette and flaskwas considered. In case of the
micropipette, the standard uncertainty was calculated ac-
cording Eq. (4) using the SD ¼ 0.5 mL and a triangular distri-
bution (d ¼ 6). For the flask volume measurement uncertainty
the calculus applied for u1 was considered.
For the evaluation of u3, the three uncertainty factors of the
QuEChERS procedure were considered: weighing of the sam-
ple and volume measurement using micropipette and flask.
The uncertainty of weighing of the sample, u(W), was calcu-
lated as described in u1. Meanwhile, volume measurement
using flask andmicropipette was estimated in same way as u1
and u2, respectively.
For the evaluation of u4, Eq. (6) was used, where SD is the
standard deviation of experimental data obtained by sample
analysis in different days and n is the number of assays
considered.
u4 or 5 ¼ SDﬃﬃﬃ
n
p (6)
For the evaluation of u5, Eq. (6) was also used. In this case,
SD is the standard deviation of the recoveries obtained of
various assays and n is the number of these assays.
For the evaluation of u6, the experimental data was ob-
tained from the matrix-matched calibration curves of papaya
and avocado. The following equations were used for this
evaluation.
u6ðc0Þ ¼ SB1
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1
p
þ 1
n
þ ðc0  cÞPn
j¼1

cj  c
2
vuut (7)
where S is the residual standard deviation (calculated with Eq.
8), B1 is the calibration curve slope, c0 is the assessed con-
centration, p is the number of repetitions performed to
determine c0, n is the total number of measurements of the
standards used in the calibration curve, and c is the average
concentration of the calibration standards.
S ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃPn
j¼1

Aj 

B0 þ

B1*cj
2
n 2
s
(8)
where Aj is the signal obtained for each calibration standard,
B0 is the intercept of the calibration curve, and cj is the con-
centration of each used calibration standard.Please cite this article in press as: Pano-Farias NS, et al., Validation
matography coupled to mass spectrometry method for pesticides in
(2016), http://dx.doi.org/10.1016/j.jfda.2016.09.0052.7. Method feasibility
Formethod feasibility evaluation, the developed and validated
method was applied to lime, mango, melon, and banana
samples. These fruits were selected because of their economic
importance and high production level, as well as their char-
acteristic composition. Lime was selected as a food with high
acidity, mango and melon as high water content commod-
ities, and banana as high carbohydrates content commodity.
Blanks samples were prepared using the procedure
described in Section 2.4. The chromatograms obtained from
the injections of these blanks samples and fortificated papaya
and avocado matrices at 8 mg/kg were compared. This com-
parison was performed to identify matrix interferences and to
determine which matrix-match calibration curve is more
appropriate for quantification of these compounds in lime,
mango, melon, and/or banana. The presence of matrix in-
terferences from these fruits were checked by monitoring the
specific ions for each pesticide at the retention time interval
expected for their elution (Table 1).3. Results and discussion
3.1. Optimization of separation conditions using
GCeMS
The temperature gradient for the GCeMS analysis of the
pesticides studied was optimized with the purpose to obtain
the highest resolution between peaks and the shortest anal-
ysis time. The optimization was performed in full scan mode
using a 50-mg/L pesticide standard mixture. The optimized
gradient is described in Section 2.3. Resolution values > 1.5
between peaks calculated with peak width at half-height are
considered base-line resolution. Therefore, all pesticides were
baseline resolved in a total analysis time close to 6.5 minutes.
Table 1 shows the retention time of each pesticide under
optimal separation conditions. Figure 1 shows the chromato-
gram obtained from the pesticide standard mixture.and assessment of matrix effect and uncertainty of a gas chro-
papaya and avocado samples, Journal of Food and Drug Analysis
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two carbamate pesticides (CF and CAR) was observed. This
conclusion was based on the fact that the molecular ion was
not recorded. Degradation compounds were identified and
differentiated from the parent compounds taking into account
fragmentation patterns. In this sense, CAR was completely
degraded to 1-naphthol which corresponds to the peak at
3.88 minutes. Meanwhile, CF is partially degraded into two
peaks; both peaks were integrated as a single signal to quan-
tify this pesticide. The first peak 7-phenol carbofuran (CF-
phenol) is observed at 2.57 minutes and the second peak
corresponds to the parent CF compound at 5.18 minutes. As
can be seen in Figure 1, the degradation product of CF has a
retention time lower than the parent compound. This degra-
dation is called McLafferty rearrangement, and it is due to CF
and CAR having an aromatic ring and a hydrogen atom in the
g-position with respect to their aromatic ring that makes
them thermally unstable. As can be seen in Figure 2 both CF
and CAR decompose to give the corresponding phenol and
methyl-isocynate.
In this paper, experiments were performed to estimate
carbamates degradation using different injector temperatures
(120ºC, 240ºC, and 250ºC) and different initial gradient tem-
peratures (80ºC, 100ºC, 120ºC, and 140ºC). The obtained result
showed no significant reduction of the degradation; however,
the further degradation of the compoundswas observed at the
highest temperature. Also, the influence of the chromato-
graphic column age was evaluated, it was found that this
parameter has a greater impact on the CF and CAR degrada-
tion, because in the chromatograms using a new column only
the parents compounds were observed, meanwhile in the
chromatograms using the same column after 6 months of use
the degradation compounds were observed. This behavior is
consistent with previous studies, Carabias-Martı´nez et al [21]
reported that carbamates are not completely degraded in the
injector, but it also occurs during elution along the chro-
matographic column. This behavior could be due to a gradual
degradation of stationary phase (e.g., phenyl or dimethyl-
polysiloxane groups) that could interact with the carbamates
causing their degradation.Figure 2 e Chromatograms (SIM mode) obtained for injection of
papaya and (B) avocado for checking matrix interferences. Pest
ATZ ¼ atrazine; CAR ¼ carbaryl; CF ¼ carbofuran; MeP ¼ meth
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(2016), http://dx.doi.org/10.1016/j.jfda.2016.09.005It is important to highlight that the degradation of carba-
mates was reproducible under the analytical conditions
described in the experimental section; this is demonstrated
with the precision of the method.
3.2. Method validation and matrix effect
Selectivity was evaluated by checking the presence of coex-
tracted interferences in the chromatograms from blank sam-
ples. Hence, chromatograms of blank and fortificated (8 mg/
kg) samples of papaya and avocado were compared (Figure 2).
The presence of matrix interferences were examined by
monitoring the SIM chromatograms for each pesticide at the
retention timewindow expected for each compound (Table 1).
Although there are coextracted compounds from the fruit
matrices during the pesticides extraction, the signal of these
inferences is minimized by using SIM detection mode. This is
due to the most abundant ions produced from the fragmen-
tation of each pesticide are employed for its quantification. It
can be observed that there are no extracted matrix in-
terferences for the determination of the pesticides studied in
both fruits; therefore this method can be considered as
selective.
Linearity was studied by means of calibration curves in the
1.0e8.0 mg/L range in extraction solvent and in the
1.0e8.0 mg/kg range in matrix-matched of papaya and avo-
cado; both ranges are equivalent. Correlation coefficient and
slope values from pesticides in extraction solvent calibration
curves and matrix-matched calibration curves are shown in
Table 2. As can be seen, correlation coefficients were > 0.99.
Limits of detection (LOD) and quantification (LOQ) were
calculated using the equation X  SDb þ Yb, where SDb is the
standard deviation of 20 blank samples, Yb the blank sample
signal and X ¼ 3 for LOD or X ¼ 10 for LOQ. The calculated
limits are shown in Table 3. In the case of papaya, the LOD
values ranged from 0.03 mg/kg to 0.35 mg/kg and LOQ values
varied between 0.06 mg/kg and 0.75 mg/kg; whereas for avo-
cado, LOD, and LOQ values varied from 0.14 mg/kg to 0.28 mg/
kg, 0.22 mg/kg, and 0.40 mg/kg, respectively. The baseline
(basal signal or noise) in blank samples at the time window inblank (solid line) and fortified (dotted line) samples of (A)
icide concentration was 8 mg/L. AME ¼ ametryn;
yl parathion; SIM ¼ selected ion monitoring.
and assessment of matrix effect and uncertainty of a gas chro-
papaya and avocado samples, Journal of Food and Drug Analysis
Table 2 e Matrix effect and linearity parameters in solvent extraction and fruit matrices.
Pesticide Solvent extraction Matrix match papaya Matrix match avocado
Slope r Slope r Matrix effect (%) Slope r Matrix effect (%)
CF 4196 0.998 9060 0.999 53.7 9369 0.997 55.2
CAR 5302 0.998 7056 0.999 24.9 6558 0.999 19.2
ATZ 6119 0.997 5041 0.995 21.4 5740 0.995 6.6
MeP 2681 0.996 4198 0.995 36.1 5619 0.999 52.3
AME 8322 0.997 8195 0.997 1.5 8348 0.996 0.3
AME ¼ ametryn; ATZ ¼ atrazine; CAR ¼ carbaryl; CF ¼ carbofuran; MeP ¼ methyl parathion.
Table 3 e Parameters of validation for pesticides.
Pesticides Papaya Avocado
LOD a LOQ b Precision (%RSD) c Recovery (%) LOD a LOQ b Precision (%RSD) c Recovery (%)
1 mg/kg 8 mg/kg 1 mg/kg 8 mg/kg 1 mg/kg 8 mg/kg 1 mg/kg 8 mg/kg
CF 0.03 0.06 13.9 17.2 93.9 98.1 0.19 0.36 17.6 15.0 69.7 97.7
CAR 0.17 0.31 12.5 18.3 90.1 100.0 0.14 0.22 27.3 14.7 92.3 100.7
ATZ 0.18 0.42 5.4 11.8 72.0 97.3 0.14 0.29 13.3 17.2 60.6 99.0
MeP 0.35 0.75 15.3 17.4 76.8 96.7 0.16 0.24 11.0 13.5 104.3 100.1
AME 0.11 0.22 14.1 17.1 91.3 97.5 0.28 0.40 7.0 12.4 79.7 100.1
AME ¼ ametryn; ATZ ¼ atrazine; CAR ¼ carbaryl; CF ¼ carbofuran; LOD ¼ limit of detection; LOQ ¼ limit of quantification; MeP ¼ methyl
parathion; RSD ¼ relative standard deviation.
a Limit of detection (mg/kg).
b Limit of quantification (mg/kg).
c Calculated at 1 mg/kg and 8 mg/kg in fortificated papaya and avocado matrix.
j o u r n a l o f f o o d and d r u g an a l y s i s x x x ( 2 0 1 6 ) 1e96which each pesticide is expected is different due to the
quantification being made using different ions. For this
reason, the LOD and LOQ calculation are different for each
compound. From these results it can be concluded that the
method has good sensibility for papaya and avocado fruits
because only one pesticide has LOD values < 0.40 mg/kg and
the rest of the pesticides have LOD values < 0.2 mg/kg. Also,
only one pesticide in the papaya sample has an LOQ
value > 0.50 mg/kg, the rest of the pesticides in papaya and
avocado samples have LOD values < 0.50 mg/kg.
Recoverywas determined at two concentration values; these
levels correspond to the lowest and highest concentration of
the linear range. The recovery results are shown in Table 3.
Recoveries obtained for each pesticide in bothmatrices ranged
between 72.0% and 104.3%, except for the concentration at
1.0 mg/kg of CF and ATZ in avocado (69.7% and 60.6%,
respectively). This range is considered acceptable for this
parameter according to the SANCO/12495/2011 guideline [27].
Precisionwas expressed as relative standard deviation (RSD)
and evaluated in different days (see Table 3). For this purpose,
five fortificated matrices at two levels of concentration
(1.0 mg/kg and 8.0 mg/kg) were treated and analyzed in five
different days. The RSD values calculated were > 20% (27.3%)
for CAR in avocado at 1.0 mg/kg. For the other compounds, at
both concentration levels evaluated in papaya and avocado,
the RSD values were < 20%. The RSD values obtained are
considered satisfactory according to the SANCO/12495/2011
guideline [27].
Matrix effect (ME) results are shown in Table 2. As can be
seen, ME for carbofuran in papaya and avocado samplesPlease cite this article in press as: Pano-Farias NS, et al., Validation
matography coupled to mass spectrometry method for pesticides in
(2016), http://dx.doi.org/10.1016/j.jfda.2016.09.005presents a strong signal enhance (> 50%). For carbaryl, ME is
consideredmedium signal enhance in papaya andmild signal
enhance in avocado. For methyl parathion, ME is considered
medium signal enhance in papaya and strong signal enhance
in avocado. Ametryn showed mild signal enhance in avocado
and mild signal suppression in papaya; whereas the ME for
atrazine was mild suppression signal in papaya and medium
suppression signal in avocado. It can be observed that ame-
tryn showed the lowest ME.
In previous studies, it has been reported that signal enhance
caused by matrix effect is produced for interactions of analyte
functional groups such as hydroxyl, amino, and phosphate,
with the active surfaces in the GCeMS (injector, column, de-
tector) system [4]. It is important to highlight that the pesticides
studied in this work contain at least one of these functional
groups. During the matrix effect evaluation, a discrepancy was
observed in the signal detection between pesticides (standards)
and pesticides extracted from matrices (papaya and avocado).
Therefore, to avoid this matrix effect and ensure reliable re-
sults it is necessary to use matrix match calibration curves.
3.3. Uncertainty assessment
The results ofmethod uncertainty assessment considering six
sources are presented in Table 4. For papaya samples the
overall contributions to Uc of the method of the uncertainties
associated with u1 (standard solution preparation), u2 (cali-
bration curve preparation), u3 (sample preparation treatment),
u4 (precision), and u5 (accuracy/bias) ranged from 6.7% to
11.7% and u6 (linear least square fitting) ranged from 88.3% toand assessment of matrix effect and uncertainty of a gas chro-
papaya and avocado samples, Journal of Food and Drug Analysis
Table 4 e Method uncertainties estimated for different sources and, combined (Uc) and expanded (Ue) uncertainty.
Fruit ui
a (mg/kg (%)) Pesticide
CF CAR ATZ MeP AME
Papaya u1 0.048 (2.3) 0.048 (2.1) 0.048 (3.5) 0.048 (2.0) 0.048 (1.9)
u2 0.034 (1.2) 0.034 (1.0) 0.034 (1.7) 0.034 (1.0) 0.034 (0.9)
u3 0.032 (1.0) 0.032 (0.9) 0.032 (1.6) 0.032 (0.9) 0.032 (0.8)
u4 0.024 (0.6) 0.074 (4.9) 0.009 (0.1) 0.009 (0.1) 0.070 (4.0)
u5 0.042 (1.8) 0.037 (1.2) 0.031 (1.5) 0.056 (2.7) 0.071 (4.1)
u6 0.303 (93.1) 0.317 (89.9) 0.246 (91.6) 0.329 (93.3) 0.331 (88.3)
Uc (mg/kg) 0.315 0.334 0.257 0.341 0.352
Ue b (mg/kg) 0.629 0.669 0.514 0.682 0.704
Ue (%) 15.7 16.7 12.8 17.1 17.6
Avocado u1 0.048 (1.6) 0.048 (2.1) 0.048 (0.9) 0.048 (2.1) 0.048 (1.6)
u2 0.034 (0.8) 0.034 (1.0) 0.034 (0.4) 0.034 (1.1) 0.034 (0.8)
u3 0.032 (0.7) 0.032 (0.9) 0.032 (0.4) 0.032 (1.0) 0.032 (0.7)
u4 0.051 (1.8) 0.035 (1.1) 0.077 (2.3) 0.070 (4.5) 0.098 (6.4)
u5 0.065 (2.9) 0.045 (1.8) 0.069 (1.8) 0.061 (3.4) 0.072 (3.5)
u6 0.369 (92.2) 0.323 (93.1) 0.493 (94.2) 0.309 (87.9) 0.359 (87.0)
Uc 0.384 0.334 0.508 0.329 0.385
Ueb (mg/kg) 0.768 0.669 1.016 0.658 0.770
Ue (%) 19.2 16.7 25.4 16.5 19.2
AME ¼ ametryn; ATZ ¼ atrazine; CAR ¼ carbaryl; CF ¼ carbofuran; MeP ¼ methyl parathion Uc ¼ combined uncertainty.
a ui are the contributions of each uncertainty source to Uc of the method.
b Ue is the expanded uncertainty for a 4 mg/kg estimated for a level of confidence of 95%.
j o u rn a l o f f o o d and d r u g a n a l y s i s x x x ( 2 0 1 6 ) 1e9 793.3%. In the same way, for avocado, the overall contributions
of the uncertainties associated with u1, u2, u3, u4, and u5 varied
from 5.8% to 13.0% and u6 ranged from 87.0% to 94.2%. In the
light of these results, the uncertainty associated with u6 pre-
sents the highest contribution for all the pesticides under
study in papaya and avocado.
As can be seen in Table 4, Ue values at 95% confidence level
for papaya ranged from 12.8% to 17.6% and for avocado from
16.5% to 25.4%. In papaya CF, ATZ, and AME present lower
values than for avocado; however, for MeP the value is higher.
In the case of CAR, for both fruits Ue is the same value. These
results are similar to others reported for methods using
GCeMS and the QuEChERS procedure. For example,Walorczyk
[24] reported Ue values for blackcurrant samples ranging fromFigure 3 e Chromatogram (SIM mode) obtained for blank samp
SIM ¼ selected ion monitoring.
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(2016), http://dx.doi.org/10.1016/j.jfda.2016.09.0057.0% to 53.0%, where the majority of the pesticides had un-
certainties < 30.0%. Also da Silva Souse et al. [17] reported Ue
values between 7.9% and 36.1%, for melon samples.
At first sight, the results of this method seem to be high,
however, according to SANCO/12495/2011 guideline [27] the
uncertainty acceptance criteria is when the value is < 50.0%.
Even though the use of the internal standard is recommended
tominimize uncertainties, in the case of the proposedmethod
the expanded uncertainties indicated it is not necessary.
3.4. Method feasibility
Method feasibility for lime, mango, melon, and banana fruits
was carried out as indicated in Section 2.7. The comparison ofles of (A) lime, (B) mango, (C) banana, and (D) melon.
and assessment of matrix effect and uncertainty of a gas chro-
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Figure 4 e Chromatogram (SIM mode) obtained for papaya
(dotted line) and avocado (solid line) real samples.
SIM ¼ selected ion monitoring.
j o u r n a l o f f o o d and d r u g an a l y s i s x x x ( 2 0 1 6 ) 1e98chromatograms showed that interferences were not observed
for any of the pesticides in blank mango and banana samples.
However, in chromatograms of blank lime samples in-
terferences for CF and CAR were observed, whereas for ATZ,
MeP, and AME interferences were not observed. In melon,
interference for CF, CAR, and MeP were observed, whereas for
ATZ and AME no interference was observed. As can be seen in
Figure 3, the blank profile of lime, mango, and banana is similar
to the fortificated avocado sample. This suggests that possibly
the matrix-match calibration curve of avocado is more appro-
priate to be used for pesticide quantification in lime,mango, and
banana. In the sameway, the blank profile ofmelon is similar to
the fortificated papaya sample; therefore it could be more
appropriate for the use of papaya matrix-match calibration
curve for quantification purposes in melon. The method vali-
dated in this paper also was applied to real samples of papaya
and avocado. An example of a chromatogram of papaya and
avocado samples with positive analysis is shown in Figure 4.4. Conclusion
In this paper, an analytical method for the separation of car-
bofuran, carbaryl, atrazine, methyl parathion, and ametryn in
papaya and avocado using QuEChERS method and GC-MS is
presented. The optimized conditions allowed the separation
of all pesticides with baseline resolution using a Zebron ZB-
5MS capillary column (Phenomenex) under a gradient tem-
perature elution. After applying QuEChERS sample treatment,
the proposed method was properly validated using papaya
and avocado samples. The results indicate that this method is
specific, accurate, and reproducible. The expanded uncer-
tainty of themethod is acceptable according to SANCO/12495/
2011 guideline. The proposed method was also found to be
suitable for different kinds of fruits.Conflicts of interest
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